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OUTLINE  

Dualities = Different descriptions 
(with different accuracy under the 
different conditions) of same 
processes   

Quark-hadron 

Hydro- kinetic 

Statistical-gravitational (geometrical)  



Strong interactions and 
gravity in HIC 

EEM/EG~e2/(m/MPl)
2                MPl ~ 1018 GeV 

For 2 particles with MPl mass at Compton wavelength 
distance (1/MPl): EG ~ (G =1/MPl

2) MPl
2 / (1/MPl)

 =MPl g ~ 
(G =1/MPl

2) MPl /
 (1/MPl)

2 = MPl 
                 

Gravitational interaction is strongly suppressed ~ (Λ/MPl)
2 

Equivalence Principle 

I: Acceleration  <-> Gravity 

HIC: a ~ Λ, a/g ~         ~ 1030 

MPl -> Λ (“GeV Gravity” )         

 

 



Emergent conical geometry 
 The effects of acceleration can also be investigated from the point of view of an 

accelerated observer. In this case, the euclidean Rindler coordinates are to be used: 

Dictionary for translation 
thermodynamic characteristics in geometrical: 

Inverse acceleration    distance from the vertex  

Inverse proper temperature    circumference 

[G. Y. Prokhorov, O. V. Teryaev,  
and V. I. Zakharov. JHEP, 03:137, 2020] 

1) Geometrical (Rindler, conical): 

 Two approaches to calculate 
acceleration effects: 

2) Statistical (interaction with boost ): 
Same results - duality of two approaches! 

 Novel phase transition at the Unruh 
temperature in both approaches! 

[G. Y. Prokhorov, O. V. Teryaev, and V. I. Zakharov. 
arXiv:2304.13151. (2023) and work in preparation] 



Gravity trace in flat spacetime: Cheshire cat 
grin 

“Well! I've often seen a cat without a grin,' thought Alice 'but a grin without a 
cat! It's the most curious thing i ever saw in my life!” 

― Lewis Carroll, Alice in Wonderland 



 Let's move on to the limit of flat space-time. 
Despite the absence of a gravitational field, there 
remains a contribution to the axial current 
induced by the gravitational chiral anomaly: 

Flat space limit:  
Kinematical Vortical Effect (KVE) 

[G. Yu. Prokhorov, O. V. Teryaev, and V. I. Zakharov, Phys. Rev. Lett. 129, 151601, (2022)] 

Direct check: 
1) Spin 1/2 : 

2) Spin 3/2   
(Rarita-Schwinger-Adler model): 

 A new type of anomalous transport – the Kinematical Vortical Effect (KVE). 
 New global polarization (talk  of  N. Tsegelnik) source?  

Flat: 

Curved: 

Cheshire cat grin 



CONCLUSIONS-I 

Duality  between statistical and geometric descriptions 

 

Different mechanisms of information loss? 

 

Phase transition in HIC: hadronization ~ fall into Black hole? 

 

Gravitational anomaly: KVE ~ Cheshire Cat grin? 

Yet  another duality: superstrong (~ mπ
2)magnetic fields vs vorticity  



Vector K∗ mesons in strong magnetic 

field from SU(3) lattice gauge theory 
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Introduction 





Fits for magnetic moment and polarizability 











Conclusions-II: magnetic moment but no 

tachyonic mode due to strangeness 


